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TETRAHYDROINDOLONE DERIVATIVES FOR TREATMENT OF 
NEUROLOGICAL CONDmONS 

This appUcation claims priority from U.S. Provisional Patent Application No. 
5 60/505.692 filed on September 25, 2003. entitled "Composition and melhod for treating pain 
and pain-induced psychiatric disorders." 

BACKGROUND 

10 Psychiatric and neurological conditions can be extremely difficult to treat effectively 

because of the multipUcity of symptoms and etiologies associated with such conditions. 
Current drug therapies have focused on either high selectivity for one pharmacological effect or 
broad non-selectivity to attempt to provide multiple symptom relief. Therapies that have 
focused on Hgh pharmacological selectivity have been shown to provide limited benefits for 

15 disorderswit3imultiplecauses,butcaninsomecasesworsensomesymptoms. Forexample. 
selective antagonism of dopaminergic receptors for schizophrenia results in a worsemng of 
some negative symptoms as well as in tardive dyskinesia. 

Drug therapies havingbioadnon-selectivity.on the otiier hand, can provide relief for 
20 moresymptomsbutoftenhavemoresideeffects.Forinstance,currentantipyschoticdrugs 
have adrenergic, cholinergic. andMstaminergic receptor antagonist a^^^^ 
with deterioration of cognitive fimction and otixer side-effects, such as orthostatic hypotension, 
dxy mouth, blurred vision, constipation, and motor impaimxent. Regardless of drug tiierap^ 
selectivily.tiiere remain symptoms, such as cognitive decline, that are not adequately txeatedby 
25 currentpharmaceuticalcompoundsusedintreatingpsychiatricandneurologicalcon^^^^^ 
need therefore remains for improvedpharmaceutical compounds for use in treating such 

conditions. 
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SUMMARY 

We have discovered that the combination tetrahydroindolone arylpiperazine compounds 
describedhereincanbe useful for treating many different psychiatric and neurological 
conditions, including butnotlunitedtopain,emesis,neurodegenerationincludm^ 
and psychiatric disorders, as described below. 
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DETAILED DESCRDPTION 

Definitions 

As used herein, the foUowing terms have the following meanings, unless expUcitly 
5 stated otherwise. 

Hie tenn "attyl" lefcB to saturated aUptatic groups factoding straight-chain, braaehpd- 
chain andcyolicgroups,anofwUchcanbeoptionallys»bsthot=d. P«fenod alkyl groups 
oontaml «. 10 carbon atom. Suitable aHql groups incl»te aieBtyl. oftyl. and fte like, and can 
10 beoptionallysubsBtuted. The tenn >eteroalkyl" refers to caAon-corrtainir« straight^ton^ 
taanch^hainedand cyclic groups, all of which can be optionally substituted, containing at least 
™„ O. N or S heteroaton-s. The term "alkoxy" refers to the eflier -O-alkyl. where alkyl is 
defined as above. 

15 The term "aUcenyr refers to unsatonited groups which contain at least one carbon- 

carbon double bond and il»=ludes straight-chata. branohed-cham. and cycUc groups, all of wtach 
canbeoptionallysubstituted. Preferable dkenyl g»ups have 2 to 10 carbon atoms. Theterm 
-heteroalkenyr refers to unsaturated groups which contain at least one carbon-carbOT 
^ and includes straight-chained, branch-chained and cyclic groups, all of which can be 

20 optionattysub8tituted.containii«atleastoneO.NorSheteroatonis. 

The term "aryl" refers to aromatic groups that have at least one ring having a 
conjugated. pi-elect«m system and includes carbocycUcaryl and biaryl. both of which canbe 

^rtionally substituted. Preferred aryi groups have 6 to 10 carbon atoms. The tenn "aralkyl" 
25 refers to an alkyl ^up subsStmed wifli an »yl l^up. Suitable aralkyl groups include benzyl 
and the like; these groups can be optionally substihited.The1enn"a,alkenyl» refers to an 
alkenyl group substimtedwidi an aryl group. Theterm "heterosryl-Tefers to carbon.c6m«»n^ 
5-14membered cyclic unsaturated radices containing one. two. three, or fcurO.N.orS 
hete«>atoms and having 6, 10. or 14 u-electrons delooali«d in one or more rings, e.g., pyndme, 
30 oxazote. indole, flriazole. isoxazole, pyrazole, p,n»le, each of which can be optionally 
substituted as discussed above. 

The term "sulfonyl" refers to the group -S(0.)-. THe term "halo" refers to fluoro-, 
chloro-, bromo-. or iodo- substitutions. THe term "alkanoyl" refers to the group -C(0)Rg. 
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where Rg is alkyl. The tem "aroyl" refers to the group -C(0)Rg. where Rg is aryl. Similar 
compound mdicals involving a carbonyl group and other groups are defined by analogy. The 
tenn "aminocarbonyl" refers to the group -NHC(0)-. The term "oxycarbonyl" refers to the 
group -0C(0)-. The term "heteroaralkyl" refers to an alkyl group substituted wilh a 
5 heteroaryl group. Similarly, the term 'Ireteroaralkenyl" refers to an alkenyl grou^ 
with a heteroaryl group. 

The term "optionally substituted" refers to one or more substituents wHich can be, 
without limitation, alkyl, aryl, amino, hydroxy, alkoxy, aryloxy. alkylamino. arylanuno. 
10 alkylthio, arylthio, or oxo, cyano, acetoxy, or halo moieties. 

Asusedherein,theterm"derivative"referstoacompoundthatismodifiedorpartially 
substituted with another component. Additionally, the temi "derivative" encompasses 
compounds lhat can be structurally similar but can have similar or different functions. The 
15 term "pharmacophore" refers to a stmctural component of a molecule that causes a 
pharmacological response. The tem.s'1,a1ient,"»subjecf' and the like wilhref^^^ 
h^ividuals that can be treated wilh the present compounds and/or phamiaceuticalcomp^^^^^^ 

refer to humans and other naammals. 

20 The terms "a," "an," and "the" and similar referents used in the context of describmg the 

present invention aretobe construed to cover both the singular and Iheplural, unless olhe^^ 
indicatedherein or clearly contmdicted by context Recitation ofvalue ranges herein rs merely 
intended to serve asashorlhand method for referring individuany to each separate value faUm^ 
withinlherange. Unless otherwise mdicated herein, each individual value is incorporated mto 
25 the specification as if it were individually recited herein. 

flomponnds 
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The compounds of the present invention have the general schematic structure {A}-I. 
{B} , where A is a tetrahydroindolone derivative, L is a hydrocarbyl chain, and B is an 
arylpiperazine derivative, as described below. 
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Tftlrahvdroindolone Derivatives 

Jn the compounds of the present invention, the tetrahydroindolone derivatives ("TED") 
have the stracture of formula (0 below: 

5 



R2 




R2'' \ 



(a) XisCHorN; 

10 

(b) Ri is hydrogen, alkyl, aralky. het^roaralkyl. alkenyl, aralkenyl, heteroaralkenyl, aryl. or 
heteroaryl; 

(c) R2 is hydrogen, alkyl, aralky, aryl, or heteroaryl; 

15 

(d) Ry is hydrogen unless R2 is methyl, in which case Ry is also methyl; and 

(e) L and R3 are as described below. 

20 As shown in Formula (1), the THI moiety has a six-membered saturated ring fosed to a 

five-memb^ed aromatic ring. The five-membered aromatic ring can have one or two nitrogen 
atoms as indicated, but the five-membered aromatic ring always has a nitrogen atom at Ihe 1 - 
position. Typically, the five-membered aromatic ring has one nitrogen atom as in 
tetrahydroindolone. Ibis nitrogen atom at the 1-position is covalently bonded to Ihe linker L. 

25 

Typically, X is carbon in the tetrahydroindolone moiety. The THI moiety can be 
variously substituted, as described above. One example of such a tetrahydroindolone moiety is a 
tetrahydroindolone moiety of formula (B) below: 
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R2 
R2' 




where: 

(1) R2 is hydrogen, alkyl, aralkyl, heteroaralkyl. aryl or heteroaiyl; 

(2) i 

(3) L and R3 are as described below. 



) R2. is hydrogen unless R2 is methyl, in which case Rr is also methyl; and 



10 inoneparticularlypreferredembodiment.R2andR.,arebothhydrogen. Mthis 

embodiment. Ihe THI moiety is an unsubstituted tetrahydroindolone moiety. 

Arylpi perazine Moiety 

15 Ti,eR3groupreferredtoaboveisanarylpiperazinemoiety,whichinthecompoundsof 
ihe present invention has the stmcture of formula (HI) below: 

R4 R5 



where: 

(i) R4 is hydrogen, alkyl. halo, hydroxy, alkoxy, cyano, nitro. perfluoroalkyl, 
perfluoroaJkoxy. or hydroxymethyl; 

(ii) R5 is hydrogen, alkyl, halo, alkoxy. cyano, nitro. perfluoroalkyl. perfluoroalkoxy. 
amino, aminocaxbonyl. aminosulfonyl, or hydroxymethyl; 

(iii) R^ is alkyl, halo, alkoxy. perfluoroalkyl. perfluoroalkoxy. or nitro; 
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(iv) R4 and Rs when taken together can form a 5 or 6 membered ring and can contain 
one or more heteroatoms; and 

(V) Rs and R. when taken together can fonn a 5 or 6 membered ring and can contain one 
5 or more heteroatoms. 

Preferably, the aryl piperazine moiety comprises one or more of the following 
substitutions: 

IQ (i) R4 is hydrogen, halo, or alkoxy; 

(ii) Rs is hydrogen, alkyl, halo, alkoxy, or perfluoroalkyl; 

(ui) Rfi is alkyl, halo, alkoxy, or perfluoroalkyl; 

15 

(iv) R4 and Rs when taken together form a naph&alene rmg; and 

(v) RsandR. when taken together canbeeitheramethylenedioxy or ethylenedioxy 
group. 

20 

T inker Moiety 

The linker moiety (L) used in the compounds of the present invention can be a straight 
chain alkyl group of the formula -(CH.).-. where m is an integer from 1 to 6 a^d more 
25 preferablyeither3,4,or5. Alternatively, the linker can be an alkyl substituted hydrocarbyl 
moiety of the following formula (IV): 

R7 



R9 F19' 



(i)nisO, 1 or 2; 
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(ii) R7 and R8 are hydrogen, methyl or ethyl; 

(iii) R9 and R9' are both hydrogen, methyl or ethyl; 

(iv) if n is 1 and R7 or R8 is mefliyl or ethyl, then R9 and R9' are hydrogen; 

(V) if nis 1 andR7 and R8 are hydrogen, then R9 and R9' are methyl or ethyl; and 

(vi) if n is 2, then R9 and R9' are hydrogen and one or both of R7 and R8 are methyl or 
ethyl. 

The linker moiety can modulate properties of the present compounds. For example, a 
straight chain alkyl linker comprising two carbon atoms would provide a more rigid linkage 
than a longer alkyl linker. Such rigidity can produce greater specificity in target binding, while 
aless rigid linker moiety can produce greater pot^cy. The solubiHty characteristics of th^ 

present compounds can also be affected by the nature of the linker moiety. 

The use of a linker according to formula (IV) above is beUeved to provide a more rigid 
imkage compared to a straight chain lirdcer moiety with the same number of carbon atoms in the 
chain. This allows for further control over the properties of the present compounds. 

Moreover, a linker according to formula (IV) can be used with compounds other than 
those described herein which comprise a Iffl moiety (which can be variously substituted) 
joined to an arylpiperarine moiety (which also can be variously substituted) via such a linker. 
Such Tin moieties and other compounds are described, for example, in U.S. Patent No. 
6,770,638 (the contents of which are hereby incorporated by reference). 

Preferred Compounds 

Table 1 below lists particularlypreferred embodiments ofthepreseat compounds. 

Table 1 



l.|2-r4K4-Fluorophenyl)piperazin-l-yl]etfayl}-l,S.6.7-tetrahydromdo^ 



t.{3,[4<4-Fluorophenyl)piperazin-l-yl]propyl}-l.S.6.7-tetrahydrom^^^ 
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l-{4.[4-(4.muorophenyl)piperazin-l-yl]bu1yl}-l^,6,7-tetrahydroindol-4-one 
l.{2-[4-(4-CWorophenyl)piperazin-l-yl]e&yl}-l,5A7-tetrahydroindol-4-oiie 



l_{3.[4.(4-Chlorophenyl)pipera2m-l-yl]propyl}-l,5,6,7-tetrahydroindol-4-one 



l.{4-[4<4-CWorophenyl)piperazin-l-yl]bvrtyl}-1.5,6J-tetrahydroindol-4-OM 



{2-[4-(4-Me1faoxyphenyl)pipera2an-l-yl]efliyl}-1.5A7-tetrahydroindol-^ 



.{3-[4^4.Metiioxyphenyl)piperazin-l-yl]propyl}-l,5,6,7-tetrahydn)indol-4-one 



l.(4.[4-(4-Methoxyphenyl)piperazm-l-yl]bu1yl}-l,5,6J-te1rahydromdol-4-one 



l-{2-[4-(4-Ethoxyphenyl)piperazin-l-yl]efliyl}-l,5,6,7-tetrahydroindol-4-one 



l,{3-[4-(4-Bihoxyphenyl)piperazin-l-yl]propyl}-l.SA7-tet rahydroindol-4-one 
l.(4.[4.(4-Ethoxyphenyl)pipeTazm-l-yl]butyl}-l,5,6J-tetrahydroindol-4-one 



■{2-[4K4-Trifluoromethylphenyl)piperazin-l-yl]ethyl}-l,5,6.7-te1rahydroindol-4-one 



.{3.[4^4-Trifluoromethylphenyl)piperazin-l-yl]propyl}-l,5,6,7-tetrahydroindol-4-one 



l.{4-[4<4-Trifluoromethylphenyl)piperaan-l-yl]butid}-l^A7-teteahyA^ 



l-{2-[4<4-Nitrophenyl)piperazm-l-yl]ethyl}-l,5,6,7-tetrahydromdol-4-one 



.(3.[4^4-Nitrophenyl)piperazin-l-yl]propyl}-l,5,6,7-tetrahydroindol-4-one 



l.{4.[4-(4-Nitrophenyl)piperazin-l-yl]butyi}-1.5,6J-tetnihydroindol-4-one 



l.{2-[4-p-Tolylpiperazm-l-yl]ethyI}-l,5,6,7-tetrahydroindol-4-one 



20 l-{3-[4-p-Tolylpiperazin-l-yl]propyl}-1^.6.7-tetrahydromdol-4-one 



l.(4.[4-p-Tolylpipe!razm-l-yl]butyl}-l,5,6,7-tetrahydroindol-4-one 



l,(2-[4K4-Trifluorome1hoxyphenyl)piperazin-l-yl]ethyl}-l,5.6J4etrahydrom^^^ 



l.(3.[4<4-Trifluoromethoxyphenyl)piperazin-l-yl]propyl>-1.5,6,7-tetrahydroindol-4-one 



l.{4-[4<4-Trifluoromethoxyphenyl)piperazin-l-yl]butyl}-l,5,6J-tetrahydroindol-4-one 



l.{2-[4<3,4-DicMorophenyl)piperazin-l-yl]ethyl}-l,5,6,7-tetrahydroindol-4-one 



l-{3-[4<3.4-DicMorophenyl)piperazin-l-yl]propyl}-l,SA7-tetrahydromdol-^ 



l-{4-[4-(3,4-DicMorophenyl)piperazin-l-yl]butyl}-l,5A7-tetrahydroindol-4-one 



-{2-[4<3,4-Difluorophenyl)piperazin-l-yl]e%l}-l,5,6,7-tetrahydroindol-4-one 



■{344K3.4-Difluoropheny0piperazin-l-yilpropyi}-1.5A7-teirahydromdol-^ 



l.{4-[4<3,4-IMfluorophenyl)piperazin-l-yl]but3fl}-l,5A7-tetrahydroindol-^ 
l-{2-[4<3,4-Dimefliylphrayl)piperazm-l-j4]eihyl}-MA7-tetrahydroi^^^ 



l- {3.[4-(3,4-Dimeth^phenyl)piperaziii-l-yr|propyl}-l ,5,6,74etrahydromdol-4-one 
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l.{4-[4-(3,4-Dimethylphenyl)piperazin-l-yl]butyl}-l,5,6,7-tetrahydroindol-4-one 



l-{2-[4-(3,4-Dimeaioxyphenyl)piperazin-l-yl]ethyl}-l,5.6,7-tetrahydroindol-4-one 



l.{3.[4.(3,4.Dimethoxyphenyl)piperazin-l-yl]propyl}-l,5,6,7-tetrahydroindol-4-one 



l.(4.[4-(3,4-Dimethoxyphenyl)piperazin-l-yl]butyl}-l,5,6J-tetrahydroindol-4-one 



l.[2.(4-Benzo[l,3]dioxol-5-ylpiperazin-l-yl)efliyl]-l,5,6J-tetrahydroindol-4^ 



l-[3<4-Benzo[l,3]dioxol-5-ylpiperazin-l-yl)propyl3-l,5,6,7-tetrahydroindol-4-one 



l.[4-(4.Benzo[l,3]dioxol-5-ylpiperazin-l-yl)butyl]-l^A7-tetrahydromdol-4-one 



l-{2-[4K2,3-Dniydrobenzo[1.4]dioxin-6-yl)piperazin-l-yl]e1fayl}-l,5,6J-tet^ 



-{344<2.3-Dihydroben2»[l,4]dioxin-^yl)pipera2in4-yl]propyl}-l,5,6J-tetr^ 



42 i-{4-[4-(2,3-Dihydrobenzo[1.4]dioxin-^yl)piperazin-l-yl]butyl}-1^.6J-tet^ 



43 i.{2-[4-{2ADicWorophenyl)piperazin-l-yl3eth)4}-l,5,6,7-tetrahydromdol-4-one 



l-{3-[4-{2,4-DicMorophenyl)piperazm-l-yl]propyl}-l,5,6J-tetrahydroindol-4-^ 



l.{4-[4.<2,4-DicMorophenyl)piperazin-l-yl]butyl}-1.5,6J-tetrahydroindol-4-<m^ 



46 i.{2-[4-(2.4-Difluorophenyl)piperazin-l-yl]ethyl}-l,5,6,7-tetrahydroindol-4-one 



47 i.{3.[4^2,4-Difluorophenyl)piperazin-l-yl]propyl}-l,5,6,7-tetrahydroindol-4-one 
.{4.[4-(2,4-Difluorophenyl)piperazin-l-yl]butyl}-l,5,6J-tetrahydromdol-4-one 



l.{2-[4K2,4-Dimeliiylphenyl)piperazm-l-yl]e1hyl}-l,5,6J-tetrahydroindol-4-one 



.{3-[4.(2,4-Dime%lphenyl)piperazm-l-yl]propyl}-l,5,6.7-tetrahydromdol-4-oiie 



. {4-[4K2,4-Dimefliylphenyl)piperazm-l-yl]btttyl}-1.5.6J-tetrahydroindol-^ 



l-{2-[4K2.4-Dimethoxyphenyl)piperazin-l-yl]ethyl)-1.5,6J-teti^ydroindol-4^^^ 



■(3-[4.(2.4-Dimethoxyphenyl)piperazin-l-yl]propyl>-1.5,6J4eti^ydroindo^ 



-{4-[4<2.4-Dimethoxyphenyl)pipera2in-l-yl]butyl}-1.5,6.7-tetiahydroindol-4-one 



l-{2-[4<2.3,4-Trichlorophenyl)piperazin4-ylletfa^}4.5,6,7-tetrahydroindol-4-one 



.-{3-[4-(2,3,4-Trichlorophenyl)piperazin-l-yl]propyl}-1^.6J-tetrahydroindol-4-^ 



.{4-[4-(2,3,4-TricWorophenyl)piperazin-l-yl]butyl}-l,5A7-tetrahydromdol-4-one 



l-{2-[4-(2,3,4-Trifluorophenyl)piperazin-l-yi]ethyl}-l,5,6J-tetoahydrom^^ 



[■(3-[4-(2,3.4-Triflttorophenyl)piperazin-i-yljpropyi}-l,5.6J-teirahyA^ 



l.{4-[4-(2,3.4-Trifluorophenyl)pipCTazin-l-yl]butyi}-l,S,6J-tetrahydromdoM 



l-{2-[4<3-CWor()-4-fluorophenyl)piperazin-l-yl]ethj4}-l,5A7-^e*rahy4^ 



-{3-[4-(3.0iloro^fluorophenyi)piperazin-l-yl]propyl}-l.S.6,7-tetrah 
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63 l-{4-[4K3-CW<»o-4-fluorophenyl)pipera2an-l-yllbutyl}-l,5,6J-tetrahy^^^ 




64 l-{2-[4<4-Huoro-3-trifluoromethylphenyl)piperazin-l-yl]ethyl}-1.5,6J-tetr^ 


65 l-{3-[4K4-Fluorc>-3-trifluoromethylphenyl)pipera2m-l-yl]propyl}-l,5.6J-tetra^^ 


66 l-{4-[4<4-muoro-3-trifluoiomethylphenyl)piperazin-l-yl]butyl}-l,5,6J-tetrahy^^^ 


67 i-{2-[4-(4-Chloro-2-methoxyphenyl)piperazm-l-yl]ethyl}-l,5,6,7-te^ 


68 i.{344<4-CWoro-2-methoxyphenyl)piperazm-l-yl3propyl}-l,5.6J-tetrahydromdol^ 


69 i-(4-[4-(4<:Moro-2-methoxyphmyl)piperazm-l-yl]butyl}-1.5,6J-tetrahydroindol-4^^^ 


70 i.{2-[4K4-CMoro-3-trifluoromethylphenyl)pipera2in4-yl]ethyl}-l,5,6,7-te^ 


71 i.(3_[4<4-<ailoro-3-trifluorome&ylphenyl)piperazin-l-yl]propyl}-U,6J-t^ 


72 i.{4-[4K4-CWoro-3-trifluor(Mneaylphenyl)piperazin-l-yl]butyl}-l,5^ 


73 l-{2-[4K3-CWoro-4-me1hoxyphrayl)piperazin-l-yl]ethyl}4,5,6,7-teb:ahydroindol-^ 


74 i.{3-[4K3-<Moro-4-methoxyphenyl)piperazin-l-yl]propyl}4,5A7-tetrahydroindol^^ 


75 i.{4-[4<3-<ailoro-4-methoxyphenyl)piperazin-l-yl]butyl}-1.5.6J-tetrahydroindol^^ 


76 1- {2-[4-(4-Methoxy-3-trifluoromethylphenyl)piperazin-l-yl]ethyl}-l ,5,6,7-tetrahydromdol-4-one 


77 i.{3.[4-(4-Methoxy-3-trifluoromethylphenyl)piperazm-l-yl]propyl}-l,5,6J-t^^ 


- r^-iM^i- .t ■ _.-<i...i«i.<»mi'\niru>raTi'n-i-v1lhiitv11-1 5 6 7-tetrahvdroindol-4-one 

78 i.{4_[4^4-Methoxy-3-tnfluoromediylpnenyi;piperazm-i-yijDuiyif w,u<uijruiui»»wu 


79 i.{2-[4<4-CWoronaphthalen-l-yl)piperazin-l-yl]ethyl}-1^.6j4etrahydromdol-^^ 


80 l-{3-[4<4-Chloronaphthalen-l-yl)piperazm-l-yl]propyl}-l,5,6J-tetrahydroin^^^ 


gl i.{4.[4^4-Cbloronaphttialen4-yl)piperazin-l-yl]butyl}-l,5A7-tetrahydroindoM 
82 i.{244K4-Trifluoromethylnaph1halen-l-yl)piperazin-l-yl]e*hyl}-l,5A7-tet^^ 




83 l-{3-[4<4-TrifluoromeJhylnaphfhalen-l-yl)piperazin-l-yl3propyl}-1.5,6J-t^ 




84 i.{4-[4<4-Trifluoromethylnaphthalen-l-yl)piperazin-l-yllbutyl}-l,5,6J-tetrahydroM^^ 




85 l.{2-[4-(4-Chloro-2-fluorophenyl)piperazin-l-yl]ethyl}-l,5A7-tetrahydromdol-4-^ 




86 l-{3-[4K4-Cniloro-2-fluorophenyl)piperazin-l-yl]propyl}-l,5,6J-tetrahy*^ 




87 i.{4.[4<4-CWoro-2-fluorophenyl)piperazm-l-yl]butyl}-l,5,6J-tetrahydroindol-4 


88 i-{2-r4-(4-Methoxy-2,3-dimefcylphrayl)piperazin-l-yl]e&yl}-l,5,6,7-te1rahydromdol-4^ 




^89 l-{3-[4K4-Methoxy-23-dimethylphenyl)pipera2iiHl-yl]propyi}-UA7-^^ 




90 i-{4-[4K4-Methoxy-2,3-dimethylphenyl)piperazin-l-yl]butyl}-1.5,6,7-te^ 




Properties 
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Preferred compounds of the present invention have a logP of from about 1 to about 4 to 
enhance bioavailability and, when desired, central nervous system (CNS) penetration. Using 
this guideline, one of ordinary skill in the art can choose the appropriate arylpiperazine moieties 
for a particular Tffl moiety in order to ensure the bioavailabiUty and CNS penetration of a 
compound of the present invention. For example, if a highly hydrophobic THI moiety is 
chosen, with particularly hydrophobic substituents, then a more hydrophiUc arylpiperazine 
moiety can be used. 

A number of compounds according to the present invention are optically active, owing 
to the presence of chiral carbons or other centers of asymmetry. In cases where compounds of 
the present invention are optically active, all of the possible enantiomers or diastereoisomers are 
included unless otherwise indicated despite possible differences in activity. 

In general, the present compounds also include salts and prodrug esters of the 
compounds described herein. It is well known that organic compounds, including substituted 
tetrahydroindolones, arylpiperazines and other components of the present compounds, have 
multiple groups that can accept or donate protons, depending upon the pH of the solution in 
which they are present. These groups include carboxyl groups, hydroxyl groups, amino groups, 
sulfonic acid groups, and other groups known to be involved in acid-base reactions. The 
I recitation of a compound in the present application includes such salt forms as occur at 
physiological pH or at the pH of a pharmaceutical composition unless specifically excluded. 

Similarly, prodrug esters can be fomied by reaction of either a carboxyl or a hydroxyl 
group on the compound with either an acid or an alcohol to form an ester. Typically, the acid or 
5 alcohol includes an alkyl group such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl. and 
tertiary butyl. These groups can be substituted with substituents such as hydroxy, halo, or other 
substituents. Such prodrugs are weU known in the art The prodrug is converted into the active 
compoundbyhydrolysisofthe ester linkage, typically byintracellular enzymes. Other suitable 
groups that can be used to form prodrug esters ate well known in the art. 

10 

Ryntbesis Methods 

In order to synthesize the tetrahydroindolone derivatives described herein, the 
tetiahydroindolone moiety is generally substituted with a linker which m turn is hnked to the 
35 arylpiperazine moiety that completes the molecule. This route comprises either flie steps of: (1) 
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synthesizing an appropriately substituted tetrahydroindolone moiety linked to an aliphatic liuker 
in which the linker is terminated with a halogen, and then reacting the halogen intermediate 
with the arylpiperazine to produce the final product; or (2) synthesizing an appropriately 
substituted arylpiperazine moiety linked to an aliphatic Unker in which the linker is terminated 
with a halogen, and then reacting the halogen intermediate with the tetrahydroindolone to 
produce the final product 

Representative tetrahydroindazolone derivatives, as in formula (T) when X is N, can be 
made firom appropriately substituted cyclohexanediones containmg R2 and R2' substitiitions via 
a two step procedure consisting of acylation with an acid chloride containing the Rl group in 
the presence of an amine base, followed by cyclization with an appropriately substituted 
arylpiperazine linked to a hydrazine moiety, usually heated under reflux in an aprotic solvent. 

Another reaction that can be used to functionalize tetrahydroindolones is the Mitsunobu 
reaction. The Mitsunobu reaction is a highly versatile method for the introduction of widely 
varying functional groups on the tetrahydroindolone moiety, because of the wide assortment of 
primary and secondary alcohols that are commercially available for use in this reaction. 

The length of the aliphatic Imker covalently bound to the tetrahydroindolone moiety can 
be varied to change the distance between the tetirahydroindolone moiety and the arylpiperazme 
moiety in the compounds of the present invention. 

The arylpiperazinyl moiety of the present compounds can be synthesized by a dihalide 
substitiition reaction. Suitable substitution reactions are described, e.g., in M. B. Smith & J. 
March, "March's Advanced Organic Chemistry: Reactions, Mechanisms, and Stiiicture" (5* ed., 
Wiley-Interscience, New York, 2001). 

Representative arylpiperazines can be made by those skilled in the art firom 
appropriately substituted anilines via a substitution/cyclization reaction witiibis(2- 
chloroethyl)amine. The compounds are generally mixed in the presence of a base (acid 
scavenger) in a protic solvent (such as alcohol) and heated. 
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Synthesis Examples 

Hie following representative methods for synthesizmg exemplary embodiments of the 
present invention are merely intended as examples. Persons having ordinary skill in the art of 
medicinal and/or organic chemistry will miderstand that other starting materials, intemediates. 
and reaction conditions are possible. Furthermore, it is understood that various salts and esters 
of these compounds are also easily made and that these salts and esters can have biological 
activity similar or equivalent to the parent compound. Generally, such salts have haUdes oi 
organic acids as anion counterions. However, other anions can be used and are considered 
within the scope of the present invention. 

Example 1 

Synthesis of l.{2-[4-(3,4-Dichlorophenyl)piperazin-l-yl]ethyl}-1.5,6,7-tetrahydromdol- 
4-one 

Step 1: Preparation of l-(2-Chloroethyl)-4-(3,4-dichlorophenyl)piperazine 

A mixture of (3,4-dichlorophenyl)piperazine (500 mg) and powdered sodium hydroxide 
(87 mg) in DMSO (5 mL) was treated with 2-bromo-l-chloroethane (387 mg) and stirred at 

, . ambienttemperatureforl6hours. Theieactionwaspouredintoicecoldwater(15niL)aad 
stirred for 0.5 hours. A solid mass formed and was separated by decanting the water. The 
aqueous layer was extracted with dichloromefliane (5 mt). The solid mass was dissolved with 
dichloromethane (5 mL) and the combined organics were dried with sodimn sulfete, filtered and 
the solvent removed under vacuum. Flash chromatography (dichloromethane:methanol 1:0 to 

) 10:1) yielded an oil (230 mg) as the titled compound. 

Step 2: l.{2-[4<3.4.DicWorophenyl)pipera2in-l-yl]e1hyl}-l,5,6.7-tetrahydroindol^^^ 

To a solution of 1.5.6,7-tetrahyroindol-4-one (107 mg) in DMSO (2 mL) was added 
0 powdered sodimn hydroxide (33 mg) and die mixture was stirred at ambient temperature for 0.5 
hours. l.(2-Chloroethyl)-4-(3,4-dichlorophenyl)piperazine (220 mg) from step 1 was then 
added as a solution in DMSO (2 mL) and the resulting mixtare stirred at ambient temperature 
for 24 hours then heated to approxhnately 60°C for 2 hours, after which time thin layer 
chromatography (TLC) (ethyl acetaterdichloromethane 1:1) showed complete reaction. The 
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reaction was poured into ice cold water (15xnL)and Stirred forO.5 hours. Asolidmassf^^^ 
and was separated by decanting the water. TTie aqueous layer was extracted witii 
dichlorometone (10 mL). Hxe soUd mass was dissolved with dichloromethane (5 mL) and the 
combinedorganicsweredriedwithsodiumsulfeteandlhesolventremovedundervacuumto 

obtain an oil (250 mg) as the titled compound. 

Step 3: Preparation of Oxalate salt of l-{2-[4-(3,4-Dichlorophenyl)piperazin-l-yl]ethyl}- 
1,5,6,7-tetrahydroindol 4-one 

•nxe compound ftom step 2 (250 mg) was dissolved in ethyl acetate (5 mL) using heat if 
required, and a solution of oxalic acid (57 mg) m acetone (0.5 mL) was added with stirring. A 
precipitate formed immediately and the mixture was stirred forO.5 hours at room temperature. 

Vacuum mtmtion and washing with ethyl acetate afforded an off-white powder upon dr^^ 
(220 mg). 

The same 3-step procedure is used for aU efliyl and propyl linkers. 



Vvam ple 2 

Synthesisofl-{4-[4.(3.4.Dichlorophenyl)piperazin-l-yl]butyl}-l,5,6.7^^^^ 
20 4-one 

Step 1: Synthesis of l-(4-Chlorobutyl)-1.5.6.7-tetiahydromdol-4-one 

TO a solution of l,5,6,7-tetrahydroindol-4-one (10.0 g) m DMSO (100 mL) was added 
25 powdered sodium hydroxide (3.26 g) and the mixture was stirred at ambient temperature for 
0 25 hours 1-Bromo-i-chlorobutane (9.38 mL) was tiien added and the resulting mature 
stirred at ambient temperature forThours after whichtimeTIX:(ethylacetate:dicMorox^^ 
l-Dshowed complete reaction. THe reaction was pouredintx, ice cold water (250 mL)and 
stirred for 0.5 hours. An oil separated and was isolated with a separatory fmmel. THeaqueous 
30 iayerwasextractedwithdichloromethane(50mL).nieoilwasdissolvedwith 

dichlorometiiane (25 mL) and the combined organics were dried with sodium sulfate, filtered 
and the solventremoved under vacuum. Flash chromatography (ethyl acetate:hexane, 1:1 to 
2:1) yielded an oil (6.0 g) as the titied compound. 



wo 2005/030148 



15 



PCT/US2004/031743 



Step 2: Synthesis of i-(4-[4<3,4-IMcMorophenyl)piperazin-l-yl]buiyl}-U 



4-one 



A nuxture of l.(4-Chlorobu1yl)-l,5,6,7-tetrahydroindol-4-one (600 mg) from step 1 a^d 
5 sodiuiniodide(438nig)iiiacetonitrile(10mL) washeatedatxefluxfor 6hours. (3,4- 

DichlorophenyDpiperazine (581 mg) andpotassimn carbonate (367 mg) was then added and 
reflux continued for 16 h. TLC (e%l acetate: dichlorome&ane 1:1) showed complete reaction. 
n.e reaction was poured into ice cold water (50 mL) and stirred for 0.5 hours. An oil separated 
out and was isolated from the mixture. Hie oil was dissolved with dichloromethane (15 mL), 
10 washedwithwaterandbrine.thendriedwithsodiumsulfete,filteredandthesolventrer^^^^ 

under vacuum to yield the title compound as an oU (970 mg). 
Step 3: Oxalate Salt Formation 
15 Oxalate salt formation is done in the same manner as previously described. 

The same 3-step procedure is used for all butyl linkers. 



Psvchiatrin Conditions 

Psychialiic and neurological conditions can be treated by administering therapeuticall:y 
effective amounts of the present compounds and/or pharmaceutical compositions. These 
compounds canbe used as anti-psychotic compounds and administered to treat psychiatric 
disorders such as depression, anxiety including post traumatic stress syndrome, schizophrema, 
schizoaffective disorders, bipolar disorders, sexual dysfixnction, mood swings, sleep disorders, 
anorexia, bulimia, manic depression, obsessive compulsive disorders, delusional post-partunx 
depression, post-partum psychosis, pre-menstrual syndrome, drug abuse associated psychoses 
and combinations tiiereof. Hie present compounds can also be usedtoenhancecogmtive 

ftmction and to treat neuroregenerative disorders with cogniiive deterioration such as 
Parkinson's disease. Huntington's disease, Alzheimer's disease, dementia associated witii agiixg, 
and exposure to toxic chemical agents such as soman and saxan. 
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The therapeutic effect of the compounds of the present invention is believed to be 
achieved by the abiUly of such compounds to affect multiple neuroreceptors. These compounds 
areihusbeUeved to comprisemultiplepharmacophoreshavingdifferentreceptor activities. For 

example, the arylpiperazine moiety of the compounds is believed to affect dopamine and 
serotonin (5-HT) receptors. In particular, the arylpiperazine derivatives contained in the 
compound are beUeved to have dopamine D4 receptor antagonist activity and to have activity at 
other receptors including, but not limited to, dopamine Dl . D2, and D3 . as well as at serotonin 
receptors including but not Umited to 5-HTl (A-F), 5-HT2 (A-C). 5-HT3 (1-7). 5.HT4 C, 5- 
HT5 (A-B), 5-HT6, and 5-HT7. 

Additionally, the tetrahydroindolone derivative moiety of the present compounds is 
believed to be a pharmacophore witii GAB A activity. As tiiose skilled in the art will appreciate, 
GABA receptors are highly localized in the hippocampal region of the brain which is associated 
with memory. Generally recognized GABA receptors include, but are not limited to GABA A 
alpha (1-6), GABA A beta (1-3), GABA A gamma (1-3), GABA A delta, GABA A pi, GABA 
Atheta,GABAArho(l-3),GABABl (a-c). GABA B2. and GABA C. Pharmacophores 
having GABA activity are believed to enhance cognitive function. 

In anotiier embodiment of the present invention, pharmaceutical compounds disclosed 
herein can selectively modulate dopamine, GABA and/or serotonin receptors, in particular D4 
receptors. A compound tiiat "selectively modulates" refers to one that interacts preferentially 
with a receptor causing increases or decreases in related neurological functions compared with 
its interaction with other receptors. 

Emotional, mood swings and cognitive disorders related to psychiatric disturbances that 
are expressed as sleep disorders, anorexia, bulimia, post-partum depression, post-parfum 
psychosis, pre-menstiiial syndrome, manic depression, obsessive compulsive disorders, and 
delusional disorders can also be toeated using the present compounds and pharmaceutical 
compositions. Other emotional distiirbances tiiat can be effectively treated include those related 
) to substance abuse. For example, the present pharmaceutical compositions can be used to 
prevent drug dependence or tolerance including tiiat produced by nicotine, opioids such as 
morphine, cocaine and barbiturates such as diaxepam. Furthermore, the pharmaceutical 
compositions of the present invention can be useful in preventing or treating emotional and 
cognitive disturbances or psychoses associated with drug withdrawal or cessation tolerance 
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i^ludingfl^tproducedbynicoto. opioid, such as n.on,Mne.ooo^-dba*to^ 
diaxepam. 

CogmtiyeaMote^urologioaldisotd^amtcanbeefEeotivelytteatedusingthe 

p^toompoumtoa»dpl~ticalc«mposi«ons include condition, such as.but not 

l„e„.s.nsorydis«.esandi^.PaHdnson. disease and»*e.moven.entdiso^»^^ 

dystonia, WUson's&ease.inheriteda.a=d.s,Toure«esyudromeceretaal^^^ 
Icephalopafl.es. Other cognitive conditionsftatcanbe-eated include cogmuve and attention 

deficit disorder associated wift acquired inm>unodeficiencysyndronK. (An>S), dement 
ischemic stroke, chemical exposure, and cardiac bypass associated cogmtive defects. 

•me present invention thus includes the use of the present compom»isina 
pharmaceutical conrpositiontotieatps^biaMcandneurological conditions as d.^^^^^ 

to addition, .he invention inctades the use of fliese compounds for .he manufacti^re of a 
i ^edicamentforftetteatinentofsuchpsychiatiicandneurologicalcond.tions. 



Pain 



20 



30 



Paincanbe effectively treated withttecompomrdsandpharmaceutical compositions of 
a^presentinveutionbyadrninisteringaneffectiveamountoftiresecompoundsand/c. 

compositions toapatien.inneedti>ereof, inparticularby admmistering ananalgesrc dosage 
these compositions. Amongti^diflerent types otpamthatcanbetreatedwiartirepresent 
«,„,pounds«e.c».epain.chxonicpai..BOciceptivepato(i.e.,painassociatedwrti,pam 
^ssi„nthrou^inti«.ne,veendings),andneuropati.cpain{causeabyn^^^^^^ 
aystactionandcharacterizedbytemng.*ooting,andtinglingp«n.assocra.^ 
Idynia, hyperpathia.pares4esias and dysesfl^sias). conditions whichcaninvolv.«=«« 

"L Jdache, arthritis, simp,emusc,es.rain.anddysmeno^^^ ^-'-<:^-^-^ 
Llude.e.g., postoperative pain, cluster he»iaches,den«pain.s«gic.lparn,P-"^^ 
tomburns.postpartinapain,anginapain,geni.ourinarytiactrelatedpain.cystitis^P«n 
.socia..dwiti.artbritis.Air>S.chronicbac.pain,vis«ralor^^^^^^ 

peptic ulcers, infectious gastritis. infl«mnatoryDow«ou.o.u„.,^.. • 

hlohes.fibromy^nerverootc«mp.essionsuchas sciatica, tiigemmalneural^^ 

p,h.boneiniu.yp.h.pah.duringlabora»ldeUve.y.nmsclestrain,alco^^^^ 
^gia.phan«»nlimbpain.andaysmen»d^pah. Conditions involvmg ncuropaBuc pant 
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tacludeclm>mclowerbackpata. pah, associated wim=Aritis.o».oer^.oc..tedp^ 

o-.-lpa^ opioid— ne„xopatop.in.W-,^p.-. 
,„dpId«»gU*oranddeUve^. ReUefftom pain-induced p.ycHa«ic disorders such a. 

ae^.>n».orsev«cn>oodc.an«esas«enasen>eticres^nsesre,a,edtopa«and 
5 tat,ea1nnentoanalsobeprovidedwithttopresentcon,po.ndsandcompos.t.ons. 

tooneembcdimeottl>ccomponndsomepresent=ppllcationcanbecombinedwi«. 
o«.er analgesics u,foanaph™,aceuticaIcon,osltion.inorder*. lowers, dose of ««p«s^ 
c„„.po„ndsre,uired.oxelievepainand/or,oacUeveasy.ergistic.ed»ction»P^ 
10 ^periencedbyapatient Ott-er analgesics wMch can be co.adn«s«^w.fl.«.e present 
co.nponnds(ei*er.t«» same ti^e or at different toes)includea3p™n.ibuprophen 
^ophe. opia.es. ace^ophen combined with codeine, indon^emac^tr-cycbc 

,„«depre.san.s.anticonvn,san.s.ser<,.o„inreup.ateinWbitors,n,^^ 
,e„ptakeinhr^itors.ser„*»nnreoeptora^nis..andan.ag«nsts.cholin^^ 
,5 adlergic.ge„.s.andneuroanin.n.a.onis.s.O*eranalgesicsn«ybe«n^ 
IteMerckMaimal, 16fhEd,0992)p. 1409. 

Ttepresentinventionthusincludesthenseotlhepresentconn^undaina 
ptar^aceutical composition .^treatpain. in addition, theinventionn^l^ 
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The componnds ^ phar,n«c«rtlcd compositions of the present appUcadon are also 
^ef«linaIlevia«ngbo.hmotio,.andtam-inducedemesis.byadmimstetingane»ct.ve 

irrof«.esecolponndsand/orcompositionstoapaaen.inneed.^fJ^^^^ 

,,weUasemesisassoda.edwi.htbeadministrationofcl«motber.pen..cagen.ss»^ 

XL dacarbazine,cyc,opbospbamide,5-flu— doxorubicin^ 

^iH^somanors^^canbetreate. ^s beUeved «.at tbe present oon^^^^ 

:^..fc.mo«„nsic.essandforoben.cal— .ns^^^ 

^tt,ragonist«;tivitjr. Thero are currently no Known -=» 
^^Lsiscansedftomawietyotdifferentsti^uli. For example, agentstbat^taown 

!tL.iveinbloc,dngmotionsic,a.essl«.v.no.beenf.und.obee«^ag^ 

is induced chemically. 
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The present invention thus includes the use of tiie present compounds in a 
phannaceutical composition to treat emesis. In addition, the invention includes the use of these 
compounds for the manufacture of a medicament for the tisatment of emesis. 

Neuroregeneration 

An additional use of the present compounds and/or pharmaceutical compositions is in 
stimulating neurogenesis, neuronal regeneration or axodendritic complexity in &e cental and 
peripheral nervous systems. This is accompHshed through Ihe step of administering an 
e^tive amomit of a compound according to the present invention to a subject in need thereof. 
Such neuroregenerative effects are believed to be the result of the 5-HTl A receptor agonist 
activity of the compounds. Neurodegenerative conditions that can be tireated can be genetic, 
spontaneous or iatrogenic, including, but not limited to. stroke, spinal cord injury amyotrophic 
lateral sclerosis, perinatal hypoxia, ocular damage and retinopathy, ocular nerve degeneration, 
hearing loss, resfless leg syndrome. Gulf War Syndrome and Tourette's syndrome. An example 
of a drug therapy that is currently used to ti:eat the neurodegenerative disease ALS is the 5 - 
HTl A agonist xaliproden. 

) The compounds of the present invention can also be used to treat peripheral 

neuropathies. Examples of diseases associated with peripheral neuropathies include, but axe not 
limed to, acromegaly, hypotiiyroidism. AIDS, leprosy. Lyme disease, systemic lupus 
erythematosus, rheumatoid arthritis. Sjogren's Syndrome, periarteritis nodosa, Wegener's 
granulomatosis, cranial arteritis, sarcoidosis, diabetes, vitamin B12 deficiency, cancer. Gulf 
5 War Syndrome and alcohoUsm. Examples of drug therapies associated with peripheral 

neuropatiries include, but are not limed to oncolytic drugs such as a vmca alkaloid, platinuxn 
derivatives such as cisplatin, paclitaxel, suramin, altretamine, carboplatin, chlorambucil, 
cytaxabme. dacarbazine. docetaxel, etoposide, fludarabine.ifosfemide with mesna, tamoxifen. 



30 



The present invention thus includes the use of tiie present compounds in a 
pharmaceutical composition to treat neurodegeneration or injury. In addition^ the invention 
includes the use of these compomxds for the manufectare of a medicament for the treatnent of 
neurodegeneration or injury. 
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•Nfftiiro ptoter *^"" "^'^ TTse as Biodei 

An additional aspect of the present invention is a method of stimulating neuronal 
tetioninvolvingamechanism associated witiineuroprotection/neuroregeneration in Ihe 

central or peripheral nervous system of a subject, comprising Ihe step of administering an 
effective amount of the present compomids and pharmaceutical compositions to the subject 
Compounds in tiiis series can be useM in providing neuroprotection against exposure to 
chemical organo-phosphorus nerve agents. These compounds arebeUevedto target multiple 
brain substmtes expected to have synergistic action in Ihe tieatment of multiple toxicities^ 

result of chemical exposure in biodefense. 

Acute high dose exposure to chemical agents results in seizures and/or death. Lower 
level exposure can result in what has been termed GulfWar Syndrome, which includes 
neuronal cell loss, acute and/or delayed cognitive impairment, acute and/or delayed attention 
hnpairment, and peripheral neuropathy. Other potential indications ftom exposurelo chemical 
agents include emesis and anxiety. 

The present invention thus includes the use of the present compounds in a 
3 pharmaceutical composition to provide neuroprotection, h. addition, the invention includes the 
use of these compounds for tiie manufacture of a medicament for providing neuroprotection . 
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Depending upon tiie particular needs of the individual subject involved, the compounds 

of the present invention can be administered in various doses to provide effective treatinent 
concentrations based upon the teachings of the present invention.Factors such as the activity of 

the selected compounds, the physiological characteristics. of tiie subject, the extent or nature of 
the subjecfs disease or condition, and the method of administration will determme what 
constitutes an effective amount of the selected compounds. Generally, initial doses will be 
tnodified to determine the optimum dosage for treatment of the particular subject Ihe 
compounds can be administered using a number of different routes including oral 
administiation, topical administiation. transdermal administration, intraperitoneal injection, or 
intravenous injection directiy into the bloodstream. Effective amounts of the compounds can 
also be administered through injection into the cerebrospinal fluid or 
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biain, if desired. 

An effective amount of any embodiment of the present invention is determined using 
methods known to phannacologists and clinicians having ordinary skill in the art. For example, 
5 a pam relieving effective amount can be determined subjectively by administering increasing 
amounts of the pharmaceutical compositions of the present invention until such tone the patient 
bemg treated reports diminishment in pain sensations. Blood levels of the drug can be 
determined using routine biological and chemical assays and these blood levels canbe matehed 
to the route of administration. The blood level and route of administration giving the most 
10 desirable level of pain relief can then be used to estabUsh an "effective amount" of the 

pharmaceutical composition for treating the pain under study. This same method of titrating a 
pharmaceutical composition in parallel with administration route can be used to ascertain aa 
"effective amount" of the pharmaceutical compositions of the present invention for treating any 
and all psychiatric or neurological disorders described herein, hi addition, anhnal models as 
15 described below can be used to determme appUcable dosages for a particular condition. 

Exemplary dosages m accordance with the teachings of the present invention for these 
compounds range from 0.0001 mg^cg to 60 mg/kg, though alternative dosages are contemplated 
as bemg within the scope of the present invention. Suitable dosages can be chosen by the 

20 treatingphysicianby taking mto account such factors as the size, weight, age. and sex of the 
patient, the physiological state of the patient, the severity of the condition for which the 
compound is being administered, the response to treatment, the type and quantity of other 
medications being given to the patient that might mteract with flie compound, either 
potentiating it or mhibiting it, and other pharmacokinetic considerations such as Uver and 

25 kidney fimction. 

Animal Models 

In determining the therapeutic effects and appropriate dosages of particular compounds 
30 and pharmaceutical compositions according to the present appUcation for a human subject, 
anhnal models can be used. Exemplary ammal models are set forth below. 

The followmg representative set of compounds of the present appUcation was tested in 
various animal models*. 
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l.{444-(4-Fluorophenyl)piperazin-l-yl]butyl}-l,5,6,7-tetrahydroiiidol-4-one 
l.(4_[4-(3,4-DicWorophenyl)piperazin-l-yl]butyl}-l,5,6,7-tetrahydrom^^^ 
l.{2-[4-(3.4-Difluoiophettyl)piperazin-l-yl]ethyl}-l,5.6J-tetrahydroi^^^^ 
5 i_{444<3,4-Dimethylphenyl)piperazin-l-yl]bu1yl>-l,5,6J-tete^^ 

Tfl^l Flick Test nPain Models 

Tail-flick has been used to define or monitor analgesic levels following exposure to a 
10 variety of compounds (D'Amour and Smith. 1941; Harris and Pierson, 1964). Itcanbeusedto 
test mice, rats or monkeys by focusing abeam of light on the tail and evaluating latency to tail- 
fUck. This test has proven useful for screening weak or strong analgesics (Dewey et. al., 1969). 
The representative compounds Usted above were effective in relieving the hard pain induced by 
a focused beam of Ught on the tail. An analgesic effect was determined for three of the four 
15 compounds tested. 

Mouse Writhing Test fPain Model) 

An accepted standard for detecting and comparing the analgesic activity of different 
20 classes of analgesic compounds for which there is a good correlation with human analgesic 

activity is Ihe prevention of acetic acid induced writhing in mice. R. Koster et al.. Acetic acid 
for analgesic screening. Fed. Proc. 18:412 (1959). 

Mice, treated with various doses of the present compounds and in combination wilJi 
25 another analgesic or with vehicle are injected intraperitoneally with a standard challenge do se 
of acetic acid 5 minutes prior to a designated observation period. The acetic acid is prepared as 
a 0.55% solution and injected at a volume of 0.1 m^lO grams of body weight. For scoring 
purposes a "writhe" is mdicated by whole body stretching or contracting of the abdomen duxing 
an observation period begmning about five mmutes after the admmistration of acetic acid. The 
30 representitive compounds listed above were effective in relieving the soft pain induced by 
acetic acid. 

Wnt Plate Test (P ain Model) 
35 Hot plate is used as a test for drug-induced analgesia to thermal pain. In the 
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performance of this test, a mouse or rat is placed on a heated plate. The latency for the animal 
to demonstrate a pain response to the heated plate is measured. Pain responses can include 
hindpaw withdrawal from the plate associated with hindpaw licking or other nocifensive 
behaviors. A drug-induced delayed latency is indicative of an analgesic response. The 
5 representitive compounds Hsted above were effective in increasing Ihe latency to pain response 
in the hot plate test. 



Plantar Formalin Test (Pain ModeB 

10 A subcutaneous injection of a formalin solution into the ventral, or plantar, surface of a 

rat or mouse hindpaw can induce an acute pain response in the treated paw. The response can 
include hindpaw withdrawal from the floor associated with hindpaw licking. The time the 
animal maintains the hindpaw withdrawal from the floor and the number of times the animal 
turns to Uck the hindpaw are measures of pain. An analgesic compound reduces ihe.withdrawal 

15 time and number of paw licks. Compounds from this series were effective in reducing Ihe 
behaviors induced by plantar formalin injection. 

Other clinically acceptable pain models can also be used to determine the effects or 
dosing of a particular compound for use in treating pain, including the following: 
20 Chung/Bennett Model; Hargreaves Test; Mechanical Allodynia (von Frey); Paw 
Plethysmograph Test; Intraperitoneal Irritant Injection-Induced Writhing Test. 

TT,r^,intinTi and meas urement of ch e mntheranv-induced emesis (Emesis Model) 

25 Male or female S. murinus (30-80 g) are maintained in a temperature-controlled room 

at 24±1 C under artificial Ughting, with lights on between 0700 and 1730 hours. Artificial 
humidity is maintained at 50±5%. Animals are allowed free access to water and pelleted cat 
chow (e.g.. Feline Diet 5003, PMI® Feeds, St Louis, USA). 

30 On the day of experiment, the animals are transferred to clear observation chambers 

(approximately 21x14x13 cm) for the assessment of emetic behavior. Tney are allowed 30 
minutes to adapt before being injected subcutaneously with compounds or their respective 
vehicles. Chemotherapy emetic agents are administered intravenously following administration 
of test compounds. The animals are then observed for 60 minutes. An episode of emesis is 
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characterized by rhythmic abdominal contractions that are either associated with ihe oral 
e3q)ulsion of solid or liquid material from the gastrointestinal tract (i.e. vomiting) or not 
associated with the passage of material (i.e. retching movements). An episode of retching 
and/or vomiting is considered separate when an animal changed its location in the observation 
chamber, or when the interval between retches and/or vomits exceeded 2 seconds. Compounds 
in this series are effective in blockmg chemotherapy-induced emesis. 



) 



Induction apd measurement of motion- induced emesis fEmesis Model) 

To test for emesis due to motion exposure, ammals are placed in a transparent cage on a 
reciprocal shaker (e.g., Taitec, Double Shaker R-30, Taiyo Scientific Industrial Co Ltd.) after an 
acclimatization period of at least 5 minutes. Compounds are administered at predetermined 
time points before testing. The animals are exposed to horizontal motion of 4 cm displacement 
(2 cm left, 2 cm right) at a frequency of 1 Hz for 10 minutes. A 10 minute exposure is used to 
reduce the chances of obtaining a felse negative result. Observation is continued for at least 5 
minutes after the end of motion exposure in case a delayed response occurs, although previous 
studies have shown that episodes of emesis after cessation of motion are very rare. Compounds 
in this series are effective in blocking motion-induced emesis. 

Pre-pulse Tnhibition Tes ting fSchizophreniayPsvchosis Model) 

The non-competitive NMDA receptor antagonist phencyclidine (PCP) reduces pre-pulse 
inhibition (PPI) of the acoustic starfle response in rodents. Compounds that improve ihe PCP- 
iaduced deficits in pre-pulse inhibition can be useful for treating schizophrenia. In this test, 
male C-57 mice are assigned to five dose groups of eight animals per group, and vehicle or test 
compound are administered orally (PO) or subcutaneously (SC) 20 minutes prior to 
intraperitoneal (IP) administration of vehicle or PCP (5 mg/kg). Ten minutes following PCP 
administration, the mice are placed into Hamilton-Kinder starfle chambers and evaluated. 
Following a five-minute acclimatization period with background white noise (65 db), mice are 
exposed to five different trial types. Trials were presented ten-time search in a quasi-random 
order, with randomized 5 to 25 second inter-trial intervals. The trials are: stimulus only trial 
(120 db white noise, 50 ms stimulus); two different prepulse4pulse trials in which a 20 ms 5 db, 
or 10 db stimuli above a 65 db background preceded the 120 db pulse by 120 ms; a 10 db 
prepulse without a 120 db pulse; and a no stimulus trial, in which only the background noise 
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was. presented. Reversal of disruption of pre-pulse inhibition produced by PCP is a clinical 
predictor of compounds with antipsychotic activity. 

r-nntlitinTied Avoidan ce Testing fSc hiy-ophrenia/Psvchosis Model) 

5 

The Condition Avoidance Responding (CAR, active avoidance) model tests for 
antipsychotic activity. The disruption of avoidance (increased latency) without disruption of 
escape (extrapyramidal motor function) is a clinical predictor of compounds witii antipsychotic 
activity. Training of animals (mice) consists of 20 trials witii variable inter-trial intervals 
10 (trained to 80% Avoidance Criteria). After a one-mmute accUmation period, the house light and 
an acoustic 90 dB tone (conditioned stimuli) are presented. A response (crossing to daik: 
compartment) within 5 seconds ends the trial and tiial is recorded as avoidance response 
(CAR). If the mouse does not respond within 5 seconds, foot shock (0.8 mA) is presented, and 
the response (moving to tiie dark chamber) during tiie shock was recorded as an escape 
15 response. To avoid shock, animals learn to move fixmi the lighted side of the -chamber tx> the 
dark side when the cue is presented (avoidance) or moved when the shock is administered 
(escape). Vehicle or test compounds are administered subcutaneously 20 minutes before the 
test session. This checks for disruption of cognition and attention. 

20 Oflier clinically acceptable models of schizophrenia and/or other psychiatric conc3itions 

can also be used to determine the effects or dosing of a particular compound for use in treating 
psychosis, including flie foUowing: Amphetamine-, Cocaine-, PCP-, or MK-801-Inducea 
Hyperlocomotion; Catalepsy, and MK-801-Induced Locomotion and Falling. 

25 Potentiated S tartle (Anxiety Model) 

Hamilton-Kinder startle chambers were used for conditioning sessions and for the 
production and recording of startie responses. A classical conditioning procedure was used to 
produce potentiation of startie responses. Briefly, on flie first 2 days, rats were placed in^o dark 
30 startie chambers in which shock grids were installed. Following a 5-minute acclimation period, 
each rat received a 1 mA electric shock (500 ms) preceded by a 5 second presentation of light 
(15 watt) which remained on for flie duration of tiie shock. Ten presentations of tiie light: and 
shock were given in each conditioning session, rats were gavaged witii a solution of test 
compound of water and startie testing sessions were conducted. A block of 10 consecuti-ve 
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presentations of acoustic startle stimuli (1 10 dB, non-light-paired) wore presented at the 
beginning of the session in order to minimize the influences of the initial rapid phase of 
habituation to the stimulus. Hiis was followed by 20 alternating trials of the noise alone or 
noise preceded by the light. Excluding the initial trial block, starde response amplitudes for 
5 each trial type (noise-alone vs. light+noise) were averaged for each rat across the entire test 

sessioiL Data are presented as the difference between noise-alone and light+noise. Compounds 
that reduce or block potentiated startle are considered to have anxiolytic activity. 

Automated Elevated Plus Maze (Anxiety Models 

10 

The Hamilton-Kinder elevated plus-maze is based on the design of Helton et al., and 
was originally validated for mice by Lister (1987). The maze can be made of Plexiglas having 
two oprai arms (e.g., 30 x 5 x 0.25 cm) and two enclosed arms (30 x 5 x 15 cm). The floor of 
each maze arm is corrugated to provide texture. The arms extend from a central platform and 

15 angled at 90 degrees fiom each other. The maze iss elevated to a height of 45 cm above the 
floor and illxmunated by red light Individual inficared photocells are mounted along each arm 
of file maze to monitor closed, open, or nosepoke activity. Mice are individually placed on the 
central platform of the maze and the nmnber of closed arm, open arm, and nosepoke (poking 
head only into open arm from closed arm of maze) counts are recorded and used as a measure 

20 of arm entries and time spent on various sections of the maze over a five-mirmte test period. 
Administration of the present compounds can increase open arm activity indicating anxiolytic 
activity. 

Other clinically acceptable models of anxiety can also be used to determine the effects 
25 or dosing of a particular compound for use in treating anxiety, including the Light/Dark 
Exploration and Maternal Separation Vocalization Tests. 

Tail Suspension Test (Depression Moden 

30 The tail suspension test is a variant of the "behavioral despair" forced swimming test in 

which immobility is induced by suspending an animal by the tail (Stera et al., 1985). ' The 
chamber was 17cmWx25cmHxl5cmD with a hook (4 cm) attached to the center of the 
ceiling. There was no front wall to allow for tiie observation of the mouse behavior. The 
mouse was hung on a hook by an adhesive tape placed 1 5 mm from tiie extremity of its tail. 
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The animal was positioned with its stomach towards the investigator to assure the observation 
of the total immobility. Immobility was scored as a sma of the time periods during which the 
animal himg passively and motionless for at least 2 sec. The total period of observation was 6 
min. Administration of the representitive compounds listed above was effective in reducing 
5 immobility in the test. 

Other clinically acceptable models of depression can also be used to determine the 
effects or dosing of a particular compound for use in treating depression, including the Forced 
Swim Test and DRL Test 

10 

Measures of CNS Activity 

Acoustic startle is a test for sensorimotor reactivity and can be used to profile the 
potential for drug-iaduced adverse side-effects. Acoustic startle is measured as the maximum 

15 force (N) transduced to a plate in response to a 120 dB stimulus. Hamilton-Kinder startle 
chambers were used to present the startle stimulus and measure and record the response. 
Animals were presented a block of 20 consecutive acoustic stimidi and the responses were 
averaged. A drug-induced increase in response can indicate the potential for an adverse event 
such as anxiogenic potential for that dose. A drug-induced decrease in response can indicate . 

20 the potential for an adverse event such as sedation for that dose. The representitive compounds 
listed above do not induce a significant increase or decrease in acoustic startle restponse at 
efScacy doses tested. At higher than ef&cacy doses, compounds jfrom this series induce a dose 
dependent decrease in acoustic startle. 

25 Ambulatory and non-ambulatory activity is used to test spontaneous and drug-induced 

motor activity. The test can be used to profile the potential for a drug to induce hj^peractivity or 
sedation. A Hamilton-Kinder photobeam activity monitors were used to record the ambulatory 
and non-ambulatory motor activily of mice and rats. The monitors track the photobeam breaks 
made by the animal that are used to calculate the number of ambulatory and fine (non- 
30 ambulatory) motor movements. A drug-induced increase in activity can indicate the potential 
for an adverse event such as hyperactivity. A drug-induced decrease in response can indicate 
the potential for an adverse event such as sedation. Compoimds Smm this series do not induce a 
significant increase or decrease in activity at ef&cacy doses tested. At higher than efficacy 
doses, compoimds from this series induce a dose dependent decrease in activity. 
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Additional Models 

Other clinically accepted models of neurological conditions known to the art can also be 
5 used to determine the therapeutic effects and appropriate dosages of particular compounds and 
pharmaceutical compositions according to the present application. These include, inter alia, the 
following tests. 

Learning Memory Models: Acquisition of Fear Potentiated Startle; Passive Avoidance, 
10 Shuttle or Step Down; Acquisition of Active Avoidance; Morris Water Maze; and Amnesic 
Reversal. 

Attention Deficit Models: ADHD Young Animal Model (PPI and Activity); ADD Aged 
Animal Model; and Acquisition of Active Avoidance Model. 

15 

Neuroprotectuon/Epilepsy: Pentylenetetrazol-, Strychnine-, Bicuculine-, Picrotoxin- 
Induced Convulsions, sarin and soman and MES/ECS. 

Parkinson's Disease: Apomorphine-, Amphetamine-Induced Rotations (6-OHDA); and 
20 Reserpine-Induced Hypothermia/Hypolocomotion. 

Drug Dependence and Withdrawal: Nicotine-, Benzodiazepine-, and Ethanol-Induced 
Withdrawal. 

25 Pharmacentical Compositions 

Another aspect of the present invention is a pharmaceutical composition that comprises: 
(1) an effective amovmt of a compound according to the present invention as described above 
(including salts and esters thereof); and (2) a phaimaceutically acceptable excipient. 

30 

A phaimaceutically acceptable excipient, including carriers, can be chosen from those 
generally known in the art including, but not limited to, in^ solid diluents, aqueous solutions, 
or non-toxic organic solvents, depending on the route of administration. If desired, these 
pharmaceutical formulations can also contain preservatives and stabilizing agents and the like. 
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for example substances such as, but not limited to, phaimaceutically acceptable excipients 
selected from the group consisting of wetting or emulsifying agents, pH buffering agents, 
human serum albumin, antioxidants, preservatives, bacteriostatic agents, dextrose, sucrose, 
trehalose, maltose, lecithin, glycine, sorbic acid, propylene ^ycol, polyethylene glycol, 
5 protamine stilfate, sodium chloride, or potassium chloride, mineral oil, vegetable oils and 
combinations thereof Those skilled in the art will appreciate tiiat other carriers also can be 
used. 

Liquid compositions can also contain liquid phase excipients either in addition to or to 
10 the exclusion of water. Examples of such additional liquid phases are glycerin, vegetable oils 
such as cottonseed oil, organic esters such as ethyl oleate, and water-oil emulsions. 



Formulations suitable for parenteral administratioii, such as, for example, by 
iatravenous, intramuscular, intradermal, and subcutaneous routes, include aqueous and non- 
15 aqueous isotonic sterile injection solutions. These can contain antioxidants, buffers, 

preservatives, bacteriostatic agents, and solutes that render the formulation isotonic with the 
blood of the particular recipient. Altematively, tiiese fomiTilations can be aqueous or non- 
aqueous sterile suspensions that can include suspending agents, thickening agents, solubilizers, 
stabilizers, and preservatives. The pharmaceutical compositions of the present invention can be 
20 formulated for administration by intravenous infusion, oral, topical, intraperitoneal, 

intravesical, transdermal, intranasal, rectal, vaginal, intramuscular, intradermal, subcutaneous 
and intrathecal routes. 

Formulations of compound suitable for use in methods according to the present 
25 invention can be presented in unit-dose or multi-dose sealed containers, in physical forms such 
as ampules or vials. The compositions can be made into aerosol formations (i.e., they can be 
"nebulized") to be administered via inhalation. Aerosol formulations can be placed into 
pressurized acceptable propellants, such as dichloromethane, propane, or nitrogen. Other 
suitable propellants are known in the art. 

30 

Altiiough the present invention has been discussed in considerable detail with reference 
to certain preferred embodiments, other embodiments are possible. Therefore, the scope of tiie 
appended claims should not be limited to the description of preferred embodiments contained in 
this disclosure. All references cited herein are incorporated by referraice to their entirety. In 
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addition, all groups described herein can be optionally substituted unless such substitution is 
excluded. 

Groupings of alternative elements or embodiments of the invention disclosed herein are 
not to be construed as limitations. Each group member can be referred to and claimed 
individually or in any combination with other members of the group or other elements foimd 
herein. It is anticipated that one or more members of a group can be included in, or deleted 
from, a group. 



